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(PCT Article 18 and Rules 43 and 44) 


Applicant's or agent's file reference 

19141. 0047/P 


FOR FURTHER Notification of Transmittal of International Search Report 
_ _ {Form PCT/tSA/220) as well as. where applicable, item 5 below. 

ACTION 


International application No. 


International filing date (day/month/year) 


(Earliest) Priority Date (day/month/year) 


PCT/US 99/20796 


10/09/1999 


10/09/1998 


Applicant 






SPECTRX, INC. et al . 







This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the Internationa! Bureau. 



This International Search Report consists of a total of 4 sheets. 

Pn It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readble form. 

I I the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

2. I I Certain claims were found unsearchable (See Box I). 

3. Unity of Invention is lacking (see Box 11). 



4. With regard to the title, 

I I the text is approved as submitted by the applicant. 

pr[ the text has been established by this Authority to read as follows: 

ATTRIBUTE COMPENSATION FOR ANALYTE DETECTION AND/OR CONTINUOUS MONITORING 



With regard to the abstract, 

I I the text is approved as submitted by the applicant. 

nn the text has been established, according to Rule 38.2(b). by this Authority as it appears in Box III. The applicant may, 
' — ' within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 1 



I I as suggested by the applicant, ' Q None of the figures. 

[X] because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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International application No. 

PCT/US 99/20796 



Box III TEXT OF THE ABSTRACT (Continuation of Item 5 of the first sheet) 



The abstract is changed as follows: 
line 2,4,7,9: after "harvesting device" insert "(10)", 
line 4: after "analyte sensor" insert "(50)", 
line 6: after "attribute sensor" insert "(40)", 
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INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJEC'^^BcR 

IPC 7 A61B5/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



International Application No 

PCT/US 99/20796 



B. FIELDS SEARCHED 



Minimunn documentation searched (classification system followed by classification symbols) 

IPC 7 A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



wo 96 00110 A (CYGNUS THERAPEUTIC SYSTEMS) 

4 January 1996 (1996-01-04) 

page 11, line 34 -page 12, line 11 

page 18, line 3 - line 23 

page 29, line 35 -page 30, line 12 

page 31, line 6 -page 32, line 5 

WO 91 00998 A (DISETRONIC HOLDING AG) 
24 January 1991 (1991-01-24) 
page 8, 1 ine 2 - 1 ine 13 
page 11, line 1 - line 14 

-/-- 



1,7,9, 

10,13,14 

2,11,15 



1,2,4,6, 

7,9-11 

14-16 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



" Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority ctajm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

10 November 1999 


Date of mailing of the international search report 

22/11/1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Knupling, M 
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C.(Continuation) DOCUMENTS CO 



Category " 



Internationaf Application No 

PCT/US 99/20796 



RED TO BE RELEVANT 



Citation of document, witn indication, where appropriate, of the relevant passages 



Relevant to claim No. 



wo 94 06019 A (VIA MEDICAL CORP; DAVID K, 

WONG ET AL.) 17 March 1994 (1994-03-17) 

page 4, 1 ine 13 - 1 ine 24 

page 6, 1 ine 16 - 1 ine 18 

page 20, line 28 -page 21, line 1 

page 21, line 32 -page 24, line 28 

page 26, line 7 - line 24 

WO 94 14062 A (SUDOR PARTNERS) 

23 June 1994 (1994-06-23) 

page 28, line 4 - line 11 

page 65, line 12 -page 66, line 6 



1-5,7-16 



1,8,9, 
12, 14,17 
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Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



Patent far^ 
member(s) 



m 



International Application No 

PCT/US 99/20796 



Publication 
date 



wo 9600110 



WO 9100998 



04-01-1996 



AU 
CA 
EP 
JP 



2944995 A 

2193885 A 

0766578 A 

10506293 T 



24-01-1991 



CH 
DE 
EP 
US 



677149 A 
59005357 D 
0436679 A 
5695623 A 



19-01-1996 
04-01-1996 
09-04-1997 
23-06-1998 



15-04-1991 
19-05-1994 
17-07-1991 
09-12-1997 



WO 9406019 



17-03-1994 



US 
DE 
DE 
EP 
JP 
US 



5330634 
69307145 
69307145 
0657030 
8500679 
5505828 



19-07- 

13- 02- 
07-08- 

14- 06- 
23-01- 
09-04- 



1994 
1997 
1997 
1995 
1996 
1996 



WO 9414062 



23-06-1994 



US 
US 
US 
AU 
AU 
CA 
EP 
JP 
US 
US 
US 
US 
US 
US 



5438984 A 
5465713 A 
5441048 A 
677036 B 
5951194 A 
2151470 
0676051 
8504513 
5676144 
5817012 
5944662 
5638815 
5899856 
5817011 



A 
A 
T 
A 
A 
A 
A 
A 
A 



08-08- 

14- 11- 

15- 08- 

10- 04- 
04-07- 
23-06- 

11- 10- 
14-05- 
14-10- 
06-10- 
31-08- 
17-06- 
04-05- 
06-10- 



1995 
1995 
1995 
1997 
1994 
1994 
1995 
1995 
1997 
1995 
1999 
1997 
1999 
1998 
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In^^^H lal Application No 

PCT/US 99/20796 



A, CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61B5/00 



According to international Patent Classificatton (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classltlcation system followed by classification synnbols) 

IPC 7 A61B 



Documentation searched other than minimum docunnentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name ol data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



wo 96 00110 A (CYGNUS THERAPEUTIC SYSTEMS) 
4 January 1996 (1996-01-04) 



page 
page 
page 
page 



11, line 34 -page 12, line 11 

18, line 3 - line 23 

29, line 35 -page 30, line 12 

31, line 6 -page 32, line 5 



WO 91 00998 A (DISETRONIC HOLDING AG) 
24 January 1991 (1991-01-24) 
page 8, line 2 - line 13 
page 11, line 1 - line 14 

-/-- 



1.7,9, 

10,13,14 

2,11.15 



1.2,4,6, 

7,9-11 

14-16 



HI 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents ; 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason <as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



. T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of the international search 



10 November 1999 



Date of mailing of the international search report 



22/11/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Kniipling, M 
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C.(Conttnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indicatron.where appropriate, of the relevant passages 



Relevant to claim No. 



wo 94 06019 A (VIA MEDICAL CORP; DAVID K, 



1-5,7-16 



ET AL.) 17 March 1994 (1994-03-17) 
4, line 13 - line 24 



WONG 
page 

page 6, line 16 - line 18 

page 20, line 28 -page 21, line 1 

page 21, line 32 -page 24, line 28 

page 26, line 7 - line 24 

WO 94 14062 A (SUDOR PARTNERS) 
23 June 1994 (1994-06-23) 
page 28, 1 ine 4 - line 11 
page 65, line 12 -page 66, line 6 



1,8,9, 
12,14,17 
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In^^^V lal Application No 
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Publication 




Patent family 




Publication 


cited in search report 




date 




mennber(s) 




date 


WO 9000110 


A 


04-01-1996 


All 

nU 


PQ44Q95 


A 


19-01-1996 






2193885 


A 


04-01-1996 






EP 


0766578 


A 


09-04-1997 






Jp 


10506293 


T 


23-06-1998 


WO yiouyyo 


A 


24-01-1991 


\-r n 


677149 


A 


15-04-1991 




OF 


59005357 
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19-05-1994 






FP 
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17-07-1991 
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FP 
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Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 
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PCT/US99/20796 

MENT COOPERATION TRF 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Assistant Connnnissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Onto nf mailinn (f\a\j/mni\fh/\/AHf\ 

04 May 2000 (04.05.00) 




International application No. 
PCT/US99/20796 


Applicant's or agent's file reference 
19141.0047/P 


International filing date (day/month/year) 

10 September 1999 (10.09.99) 


Priority date (day/month/year) 

10 September 1998 (10.09.98) 


Applicant 

HATCH, Michael, R. et a! 



1. The designated Office is hereby notified of its election made: 

I X| in the demand filed with the International Preliminary Examining Authority on: 
06 April 2000 (06.04.00) 

I I in a notice effecting later election filed with the International Bureau on: 



The election 



X I was 
I I was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WlPO 


Authorized officer 






34, chemin des Colombettes 


Antonia Muller 




1211 Geneva 20, Switzerland 






Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 
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PATENT COOPERATION TBEATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 




Applicant's or agent's file reference 
EB 5368 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/US99/20796 


International filing date (day/month/year) 
10/09/1999 


Priority date (day/month/year) 
10/09/1998 


International Patent Classification (IPC) or national classification and IPC 
A61B5/00 


Applicant 

SPECTRX, INC. et al. 



1 . This international prelinninary examination report has been prepared by this International Prelinninary Exannining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 7 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following Items: 

I S Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of Invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the International application 

Certain observations on the International application 



II 


□ 


III 

IV 


□ 


V 


IS 


VI 


□ 


VII 




VIII 





Date of submission of the demand 



06/04/2000 



Date of completion of this report 
24.11.2000 



Name and mailing address of the international 
preliminary examining authority: 

J' European Patent Office 
D-80298 Munich 
Tel +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
KORBER, C. 

Telephone No. +49 89 2399 2278 



4 
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INTERNATIONAL PR NARY 
EXAMINATION REPORT 



International application No. PCT/US99/20796 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70, 17).): 

Description, pages: 

1-12 as originally filed 

Claims, No.: 

1-17 as originally filed 

Drawings, sheets: 

1/5-5/5 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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NARY 



International application No. PCT/US99/20796 



□ 



the drawings, 



sheets: 



5. □ This report has been established as If (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
K claims Nos. 9-13. 



S the said international application, or the said claims Nos. 9-13 relate to the following subject matter which 
does not require an international preliminary examination (specity): 
see separate sheet 

□ the description, claims or drawings (indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V, Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 8 



because: 
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INTERNATIONAL PRBVINARY 
EXAMINATION REPORT 



International application No. PCT/US99/20796 



No: 



Claims 



1-7,14-17 



Inventive step (IS) 



Yes: 
No: 



Clainns 
Claims 



8 



Industrial applicability (lA) Yes: Claims 1-8,14-17 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects In the international application 

The following defects in the form or contents of the intemational application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claims 9-13 relate to subject-matter mentioned in Rule 67.1 (iv) PCT, in particular to a 
method of surgical treatment of the human body (the step of "harvesting biological 
fluid..." may be of surgical nature as to be seen from the description, p. 3, I. 19 & 23-30 
and p. 4, I. 1-14 & 24-25). Under terms of Art. 34(4)(a)(i) an International Preliminary 
Examining Authority is not required to carry out an examination of such claims. 

Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents cited in the ISR: 

D1: WO-A-9 600 110 
D2: WO-A-9 406 019 
D3: WO-A-9 100 998. 

2.1 The subject-matter of claims 1 -7 is known from document D1 as to be seen from 
the attached copy of the claims where the respective reference numerals and 
passages from D1 have been inserted. 

2.2 Taking into account the broad definition of "harvesting device" as given on p. 4, 1. 
15-18, claims 1-7 may also be read on documents D2 (Figs. 1 & 2, see particularly 
reference numeral 38 and p. 24, I. 18 et seq.) and D3 (Fig. 1, see particularly 
reference numeral 6 and p. 11). 

2.3 The features of claims 14-16 are comprised in claims 1-3 and therefore also 
known from D1-D3. 

2.4 The feature of claim 17 is known from D1 (p. 15, I. 3-23: glucose flux is "a 
condition of the tissue indicative of fluid productivity"). 
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2.5 Consequently, the features of claims 1-7 and 14-17 are not new (Article 33(2) 
PCT). 

3. The connbination of the features of dependent claim 8 is neither known from, nor 
rendered obvious by, the available prior art. The vacuum regulation achieved 
thereby allows to maintain sufficient sample flow for proper assay function 
irrespective of the tissue properties (e.g. hardness or dryness). 

Re Item VII 

Certain defects in the international application 

1 . The independent claims are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (see item V) being placed in a preamble 
(Rule 6.3(b)(i) PCT) and with the remaining features being included in a 
characterising part (Rule 6.3(b)(ii) PCT). 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

3. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1-D3 is not mentioned in the description, nor are 
these documents identified therein. 

4. References to unpublished documents (p. 4, I. 29; p. 5, I. 29-30; p. 10, I. 16) are 
not allowable in some of the Designated States (cf. also PCT Guidelines, 11-4.17 
and 4.18). 

Re Item VIII 

Certain observations on the international application 

Although claims 1 and 14 have been drafted as separate independent claims, they 
appear to relate effectively to the same subject-matter and to differ from each other 
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only with regard to the definition of the subject-matter for which protection is sought. 
The aforementioned claims therefore lack conciseness. Moreover, lack of clarity of the 
claims as a whole arises, since the plurality of independent claims makes it difficult, if 
not impossible, to determine the matter for which protection is sought, and places an 
undue burden on others seeking to establish the extent of the protection. Hence, claims 
1 and 14 do not meet the requirements of Article 6 PCT. 

In order to overcome this objection, it would have been appropriate to define the 
relevant subject-matter in terms of a single independent claim in each category 
followed by dependent claims covering features which are merely optional (Rule 6.4 
PCT), 
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What is claimed is: 

1 . A system for detecting and measuring an analyte in a biological fluid of 
a animal, comprising: f-^oOy 

a harvesting devic^suitable for positioning on the surface of tissue of an animal 
to harvest biological fluid therefrom, and comprising an analyte sensoiCpositioned to be 
contacted by the harvested biological fluid and which generates a measurement signal 
representative of the analyte; . ^ 

at least one attribute sensor to measure an attribute associated with the operation 
of the harvesting device and which generates an attribute signal representative of the 
attribute; and ^ ^ 

a processor jEcnipled to the attribute sensor and the analyte sensor to receive the 
attribute signal and the measurement signal, wherein the processor adjusts an 
operational parameter of the harvesting device based on attribute signal.^'^-S:^ ^ '7'//) 

2. The system of claim 1, wherein the attribute sensor measures an 
op er at^ ^n aL^ a ram e t er of the analyte sensor, and the processor generates an output 
signaVthat mdicates a measure of an anal^le m the biological fluid, compensated for the 
attribute measured by the attribute sensor. 

3. '^^^^^^ claim 2, wherein the attribute sensor comprises a 
temperature sensor,<r5upled to the analyte sensor to measure temperature of the analyte 
sensor. 

4. The system of claim 2, wherein the attribute sensor measures the 
attribute continually. Q^^32. j 9"^^^ 

5. The system of claim 2, wherein processor continually reads the attribute 

signal and the measurement signal and generates the output signal on a continual basisf/* '^^j , 

6. The system of claun 2, and further comprising a display (t5oupled to the 
processor to display a value of the output signal generated by the processor. 

7. The system of claim 1, wherein the analyte sensor is a glucose sensor^'-^/^ 
system - of claim 1, \ \t i c!rci n tli o atti ibute sensor detects a condition 

o f the tissue m dtcat4v&^t^iai^-^Fedtteti-vrty7-and-^ th e p r oce ssor gcn efat-es-a- 
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(57) Abstract 

A system and method for detecting a measuring an analyte in a biological fluid of an animal. A harvesting device (10) is provided 
suitable for positioning on the surface of tissue of an animal to harvest biological fluid therefrom. The harvesting device (10) comprises an 
analyte sensor (50) positioned to be contacted by the harvested biological fluid and which generates a measurement signal representative of 
the analyte. At least one attribute sensor (40) is provided to measure an attribute associated with the biological fluid harvesting operation 
of the harvesting device (10) or the assay of the biological fluid, and which generates an attribute signal representative of the attribute. 
Adjustments are made to operational parameters of the harvesting device (10) based on the one or more attributes. 
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ATTRIBUTE COMPENSATION FOR ANALYTE DETECTION AND/OR CONTINUOUS MONITORING 



This application claims priority to U.S. Provisional Application No. 60/099,733 
filed September 10, 1998; U.S. Provisional Application No. 60/140,283 filed June 18, 
1999 and U.S. Provisional Application No. 60/140,285 filed June 18, 1999, 

10 BACKGROUND OF THE INVENTION 

The present invention relates to a system and method for the compensation of 
assay measurements of anaiytes from small quantities of biological fluids harvested 
fi-om tissue of a subject utilizing conditions at the harvesting and assay or measurement 
site. 

15 Cun-ent analyte assay devices suffer from inaccuracies resulting from a variety 

of confounding conditions at the harvesting site. For example, blood glucose meters 
adjust an assay measurement for ambient temperature conditions associated with the 
glucose test strip when it is inserted in the meter. 

As attempts are made to reduce the volume of biological fluid collected or the 

20 time required for the assay, these conditions become more and more detrimental to an 
accurate assay measurement. The conditions include, but are not limited to, humidity, 
temperature, ambient light, pressure, etc. For example, this is particularly the case in a 
system that measures a glucose concentration from blood or interstitial fluid collected 
in a harvesting device that is placed in or about the surface of a tissue. Attribute 

25 compensation is even more important in a system that monitors an analyte on a 

continuous basis from a harvesting device that is kept in contact with the tissue for 
several hours, days or even weeks. Through the use of appropriate sensors, these 
conditions may be monitored and compensated for in the desired assay measurement. 



30 



SUMMARY OF THE INVENTION 

In accordance with the present invention, at least one sensor is provided to 
measure an attribute associated with the biological fluid harvesting operation of a 
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device or the assay of the biological fluid for one or more analytes by the device. A 
variety of attributes, or conditions, at the harvesting site of the fluid or within the fluid 
handling portions within the device may affect the accuracy of the assay or other 
operational parameters of the device. The types of sensors used are based upon the _ 
5 conditions that are measured. An operational parameter of the harvesting device is 
compensated for (i.e., adjusted) based on the sensed attribute. Examples of attributes 
are temperature, pH, conditions of the tissue affecting fluid productivity, etc. 

The present invention is useful in a system that performs a single (one time) 
measurement of an analyte in a biological fluid of a subject from a harvesting device 

10 placed in contact with the tissue, as well as in a system that continually monitors an 
analyte from a subject from such a harvesting device. Thus, it is contemplated that an 
analyte in a biological fluid of a subject may be repeatedly assayed at regular and 
fi-equent intervals by the system and method of this invention. 

The above and other objects and advantages of the present invention will 

1 5 become more readily apparent when reference is made to the following description, 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram illustrating a system according to one embodiment of 
20 the present invention. 

FIG. 2 is a diagram of a sensor head showing the position of attribute sensors 
according to the invention, 

FIG. 3 is a diagram showing the use of a vacuum/pressure sensor according to 
the invention. 

25 FIG. 4 is a block diagram of the components of an assay meter forming part of 

the system of FIG. 1 . 

FIG. 5 shows the use of compensation data in graphical form to compensate an 
assay measurement for temperature. 

FIG. 6 is a diagram delineating the steps that may be performed by a process 
30 according to the present invention. 



wo 00/15102 




PCT/US99/20796 



3 

FIG. 7 is a block diagram of a system according to another embodiment of the 
present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

5 DEFINITIONS 

As used in this specification, ''a" and "an" may mean one or more than one. For 
example, "an" analyte may mean one analyte or more than one analyte. 

As used herein, the term "biological membrane" means the stnacture separating 
one area of an organism from another area of the organism, such as a capillary wall, or 
10 the outer layer of an organism which separates the organism from its external 

environment, such as skin, buccal mucosa or other mucous membrane. The term 
"epithelial tissue, " when used herein is mean to mean skin, mucosa and linings of the 
body cavities of an organism. 

As used herein, the term "tissue" means an aggregate of cells of a particular 
15 kind, together with their intercellular substance, that forms a structural material. At 
least one surface of the tissue is preferably, but not necessarily, accessible to 
electromagnetic radiation so that one embodiment of the invention can be carried out. 
The preferred tissue is the skin. Other tissues suitable for use with this invention 
include mucosal tissue and soft organs. 
20 As used herein, the term "suction" or "pressure" relates to the relative pressure 

as compared to the internal pressure of the organism to which the system is interfaced. 
"Vacuum" is used synonymously with the term "suction." 

As used herein, the term "biological fluid" means blood serum, whole blood, 
interstitial fluid, lymph fluid, spinal fluid, plasma cerebrospinal fluid, urine, prostatic 
25 fluid, bile, pancreatic secretions, or any combination of these fluids. Other fluids that 
may be harvested from the surface of various tissues include fluids selected from the 
group consisting of mucus, saliva, breast milk, tears, gastric secretions and perspiration. 
"Interstitial fluid" means the clear fluid that occupies the space between the cells in the 
body. It is also contemplated that biological fluids can be harvested from beneath the 
30 surface of tissue of other organs, particularly during operative procedures. 
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As used herein, "poration," "microporation," or any such similar term means the 
artificial fomiation of a small hole, opening or pore to a desired depth in or through a 
biological membrane, such as skin or mucous membrane, or the outer layer of an 
organism to lessen the barrier properties of this biological membrane to the passage of 

5 biological fluids, such as analytes from within the biological membrane or the passage 
of permeants or drugs from without the biological membrane into the body for selected 
purposes, or for certain medical or surgical procedures. The size of the hole or 
"micropore" so formed is approximately l-1000|j.m in diameter. It is to be understood 
that the term "micropore" is used in the singular form for simplicity, but that multiple 

10 openings or pores may be formed by the integrated device according to the present 
invention. 

As used herein, "artificial opening" means any physical breach of the biological 
membrane of a suitable size for delivering or extraction fluid therethrough, including 
micropores. 

15 As used herein, the term "harvesting device" means a device suitable for being 

placed in contact with tissue for collecting a biological fluid sample fi-om the tissue 
(preferably through the micropores so created) and analyzing the biological fluid to 
determine a characteristic thereof. The harvesting device may be designed for one 
time, i.e., discrete use, or may be designed to be placed in contact with the tissue for 

20 longer periods of time, e.g., hours, days or weeks, for periodic, continual or continuous 
analyte monitoring. The harvesting device may optional include a porating element (as 
defined below) located thereon. 

The term "porating element" is meant to include any means of forming a 
micropore, hole or opening described above, including by thermal ablation, 

25 mechanically breaching the tissue by lancet or needle, and other known techniques. An 
example of a mechanical porating element is disclosed in published PCT apphcation 
WO 9800193, entitled, "Multiple Mechanical Microporation Of Skin Or Mucosa." 
Another porating technique suitable for use in connection with this system is disclosed 
in PCT Application No. PCT/US99/15967 entitled "Controlled Removal Of Biological 

30 Membrane By Pyrotechnic Charge For Transmembrane Transport," filed July 14, 1999. 
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The term "continuously" or "continually" when used in connection with a 
analyte monitoring system, means acting on an ongoing basis at a frequency or event 
rate that may vary depending on a particular application of the system. For example, 
the output of the sensor may be read on a periodic basis, such as every minute, several 

5 minutes, hour, several hours, etc. Moreover, at each reading event, the sensor output is 
optionally sampled multiple times, so as to obtain a plurality of readings relatively 
close in time, whereby an average or other adjustment of those multiple readings is 
made for determining a final reading that is displayed or logged. 

As used herein, "analyte" means any chemical or biological material or 

10 compound suitable for passage through a biological membrane by the technology 

taught in this present invention, or by technology previously known in the art, of which 
an individual might want to know the concentration or activity inside the body. 
Glucose is a specific example of an analyte because it is a sugar suitable for passage 
through the skin, and individuals, for example those having diabetes, might want to 

15 know their blood glucose levels. Other examples of analytes include, but are not 

limited to, such compounds as sodium, potassium, bilirubin, urea, ammonia, calcium, 
lead, iron, lithium, salicylates, and the like. 

An ''attribute" is a physical condition present at the harvesting site, assay site, or 
otherwise associated with the operation of the harvesting device. An example of an 

20 attribute is temperature. Other attributes or conditions that are useful to be measured 
are humidity, ambient light, pressure, vacuum, tissue tone, tissue thickness, tissue 
moisture content, oxygen, pH, etc. 

FIG, 1 illustrates one embodiment of a system comprising a harvesting device 
10 and an assay meter 70. The harvesting device 10 comprises collects a sample of 

25 biological fluid fi:om tissue such as skin, which fluid is collected through an opening 20 
on the skin contact side 12. The harvesting device 10 may include incorporated thereon 
or therein tissue penetrating or porating means, such as a lancet, thermal ablation 
(optically or electrically heated) such as disclosed in U.S. Patent No. 5,885,21 1. See 
also PCT appUcations PCTAJS99/16378, filed July 20, 1999; PCT/US99/04990, filed 

30 March 5, 1999 and PCT/US99/04983, filed March 5, 1999 for variation configurations 
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of a harvesting device that includes optional on-board tissue penetrating or porating 
elements. 

The harvested fluid is moved by vacuum applied over the opening 20 and/or by 
capillary action, for example, such that the fluid flow^s through, across, or on the anajyte 
5 detection strip or sensor 50. The analyte sensor 50 is coupled by an optical or electrical 
link 60 to the assay meter 70, One or more sensors 40 are positioned in the harvesting 
device 10 to measure conditions at the harvesting site at the time the biological fluid is 
harvested. The sensors 40 are coupled by electrical or optical links 30 to the assay 
meter 70. 

10 The type of sensor depends on the type of attribute or condition(s) measured. 

As explained above, the attribute may be temperature, humidity, ambient light, 
pressure, vacuum, tissue conditions indicative of fluid productivity (tissue tone, tissue 
thickness, and/or tissue moisture content) etc., or any combination thereof The point 
of measurement also depends on the type of attribute or condition(s) measured. 

1 5 Proximity to the assay is important for measuring all environmental dependencies of 
the assay except for those, which are common to the measurement environment such as 
humidity, pressure or vacuum. For example, in one embodiment, a hose is provided to 
supply suction or vacuum to the harvesting device to suck fluid from the tissue into the 
harvesting device and onto the analyte sensor. This hose provides a mechanism to 

20 measure environmental parameters along the hose that would be consistent with the 
environment at the assay such as humidity, pressure and vacuum level. Those 
environmental dependencies which should be measured near the assay include ambient 
light, pH and temperature. To correct for assay temperature dependence the 
temperature measurement point should be as close to the assay as possible within the 

25 same housing material but usually not in contact with the sample. The pH of the fluid 
being measured can be used to compensate for pH effects on the assay and may be 
changed by the assay process, therefore pH should be measured in the sample just \ 
before the assay in the flow chamiel. 

Tissue characteristics such as tone, thickness and moisture content should be 

30 measured close to the sample site on similar tissue. For example, if the sample site is 
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on the mid-volar forearm tissue characteristics should be measured on the mid-volar 
forearm close to the site. Variations in characteristics have been measured between 
lower mid, and upper volar forearm sites. 

Temperature is particularly important when the harvesting device 10 is partj)f a 
discrete or continual glucose monitoring system. For example, an attribute sensor 40 
that is responsive to temperature is preferably placed as close as possible to the analyte 
sensor 50 (if not on it) so that the effects of temperature variation on the analyte sensor 
can be minimized. Many types of temperature sensors are known in the art that are 
suitable for use in connection with the present invention. Commonly used sensors 
include forward biased semiconductor diodes, thermistors, thermocouples, Resistance 
Temperature Detectors (RTDs), radiation thermometers, fiber optic sensors, bead 
thermocouples and solid state sensors. For this example, a thermistor is used because 
of its known temperature characteristics, availability and low cost. Preferably, the 
response time for the temperature sensor is less than 10 seconds per degree Celsius to 
minimize noise and allow the temperature measured to track the changes at the assay. 

Tuming to FIGs. 2 and 3, an embodiment of sensor head 500 of a harvesting 
device 10 is shown, wherein the sensor head 500 has one or more attribute sensors 
positioned thereon. The analyte sensor 50 is, for example, a ''primary" sensor for 
glucose in this application, and can also measure pH or oxygen content in this 
configuration through working, reference, etc., electrodes 51. Attribute sensor 40(1) is a 
thermistor placed close to the analyte sensor 50 to measure temperature. Attribute 
sensor 40(2) is an optical sensor-source pair to profile boundaries in the tissue to which 
the device 10 is attached, such as skin. Attribute sensor 40(3) measures ambient light, 
primarily in the ultraviolet (UV) range, where damage to the assay sensor 50 is more 
common. Attribute sensor 40(4) is a micro-durometer to measure skin conditions or 
properties, including tone/hardness, which is related to tissue moisture content. 

Conditions of the tissue, such as skin, are useful because they indicate the 
degree of fluid productivity of the tissue. Dry and hard skin produces less fluid than 
softer skin. If the output of the micro-durometer indicates that the thickness, hardness 
and/or dryness of the tissue is more than normal, then the amount of suction applied to 
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the harvesting device 10 is increased to ensure sufficient amounts of fluid is extracted. 
Conversely, if the output of the micro-durometer indicates that the skin is relatively 
soft, then the vacuum level may be maintained or decreased. This is particularly useful 
in a continuous monitoring system in w^hich fluid is harvested on a continual basis from 
5 a harvesting device located on or about the same harvesting site on the tissue. 

As shown in FIG. 3, the sensor head 500 attaches to an assay meter 70 (FIG. 1) 
by an umbilical cord 510 which carries vacuum and electrical signals. An attribute 
sensor 40(5) is provided at the meter body which measures pressure and/or vacuum and 
humidity in the hose inside the umbilical cord 510 that carries vacuum to the sensor 
10 head 500. 

Referring to FIG. 4, within the assay meter 70 or as a separate component, the 
attribute signal(s) of the attribute sensor(s) 40 is/are connected to a compensation 
element 110 which determines the appropriate compensation based upon the attribute 
signal(s) from the attribute sensor(s) 40. The compensation element 110 generates an 

15 appropriate compensation that is output to a processor 80 such as a microprocessor or 
other computing element. The analyte sensor 50 generates a measurement signal based 
on the type of analyte being measured. The measurement signal is connected to an 
assay element 90 within the assay meter 70. The assay element 90 performs a 
traditional assay of the analyte, generates a signal corresponding to this value and 

20 outputs this signal to the processor 80. The processor 80 generates a corrected assay 
value based upon the compensation signal from the compensation element 110 and the 
assay signal fi'om the assay element 90 and outputs a signal corresponding to this value 
to an output means 100 such as a display, a monitoring device or a signal processing 
device. 

25 The type of compensation to the measurement made by the assay element 90 

depends on the conditions sensed at the harvesting site. The compensation applied may 
be linear or non-linear with respect to the confounding conditions, or utilize a neural 
network or fuzzy logic. Alternatively, correction may be implemented using a lookup 
table or an equation-based algorithm. For example, pH effects the efficiency of a 

30 glucose oxidase based assay sensor for glucose measurement. If the pH varies, a 
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correction from a lookup table is applied to the assay result to compensate for the 
variation. Humidity measurements are used in discrete sampling interval systems 
where the sample is assayed and then is disposed of by the system prior to the next 
sample being collected. Humidity measurements are also useful in this case to _ 

5 determine if the sample is being collected and humidity differentials are used to 
quantify change in concentration of the analyte being measured. Humidity 
measurements are also useful to quantify transepidermal water loss (TEWL). 
Temperature effects on the efficiency of glucose oxidase based assay are measured and 
used to generate a lookup table or formula to compensate the assay results for 

10 temperature variation. As described above, tissue tone and thickness measurements are 
useful to estimate the vacuum levels required to maintain sufficient sample flow for 
proper assay function. As tissue at the site becomes hydrated it will thicken and soften 
requiring less vacuum for equivalent sample flux. 

As an example, FIG. 5 illustrates graphical diagrams that represent the 

15 measurement compensation process using temperature measured from a themiistor to 
compensate a glucose measurement. The upper graph in FIG. 5 shows the conversion 
from the output of temperature sensor to a temperature value. The lower graph in FIG, 
5 shows the compensation factor for a given temperature value derived from the data in 
the upper graph of FIG. 5. The compensation factor is applied (added or subtracted) to 

20 the glucose measurement to improve the accuracy of the glucose measurement. In 
actual implementation, the conversion process may be implemented in a variety of 
ways, including a stored lookup table of data representing the graphs shown in FIG. 5. 
It should be understood that each attribute may involve a compensation process that is 
similar to that represented by the diagrams of FIG. 5, but with different data. Similarly 

25 a multi-dimensioned lookup table may be used to efficiently map the outputs of 
multiple attribute sensors into a single assay compensation factor. 

FIG. 6 shows steps in a process according to the present invention. The first 
step 200 involves the harvesting of biological fluid for the assay. Step 240 requires the 
acquisition of condition measurements (i.e., the attributes) relevant to the assay such as 

30 temperature, humidity, etc. This step may occur before, during or after step 200. Step 
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280 determines the assay compensation value from the measured conditions. Step 220 
involves the performance of a traditional assay of analyte concentration from the fluid 
collected in step 200. Step 260 involves the calculation of a corrected assay value by 
modifying the assay value determined in step 220 with a compensation or adjustment 

5 factor determined in step 280. Finally, step 300 outputs the corrected assay measure for 
subsequent usage such as by a display or processing device. 

A particular example of the process of FIG. 6 involves the assay of glucose. 
Blood or interstitial fluid is harvested through microporation of the harvesting site in 
step 200. In step 240, the temperature of the analyte sensor 50 is measured. Step 220 

10 assays the harvested interstitial fluid for glucose levels using traditional assay 

techniques, A compensation factor for the assay based upon the attribute, such as 
temperature, is made in step 280. The compensated assay value is calculated from the 
traditional assay measure from step 220 and the compensation measure from step 260. 
The compensated glucose concentration value is output in step 300. 

15 In a continuous analyte monitoring system, such as that disclosed in PCT 

application No. PCT/US99/16378 filed July 20, 1999, it is also desirable to compensate 
for fluctuations in attributes at the harvesting site, in the harvesting device or the 
analyte sensor, in particular. The process shown in FIG. 6 is repeated on a continual 
basis. For example, an attribute may be measured continuously, and at each assay or 

20 measurement event from the analyte sensor, the attribute signal from the one or more 
attribute sensors are used to compensate the measurement signal obtained from the 
analyte sensor. 

Turning to FIG. 7, another embodiment of the present invention is show^n. In 
this embodiment, a processor 400 performs all of the calculations necessary for 

25 deriving a value from the analyte sensor 50, compensated for one or more attributes 
from one or more attribute sensors 40. For example, the processor 400 is a 
microprocessor or other programmable processing device that executes an assay 
program 410 to derive an assay value, compensated for the one or more attributes 
through the use of a compensation program or data 420. The processor 400 reads a 

30 measurement signal from the analyte sensor 50 and one or more attribute signals from 
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the attribute sensors 40, executes the assay program 410 together with the 
compensation program 420 to obtain a measurement value. The compensation program 
420 may be a mathematical algorithm or one or more lookup tables (for each attribute) 
as described above in conjunction with FIG. 5. This may occur on a discrete or _ 
5 continual basis, depending on the type of environment the system is used. The value 
generated by the processor 400 may be coupled to a display 430. User interaction with 
the processor may occur through a keypad 440. The system shown in FIG. 7 may 
further include memory to store values of attribute signals, particularly in a continual 
monitoring system, where it is desirable to retain an archive of information. 

10 In summary, the present invention is directed to a system for detecting and 

measuring an analyte in a biological fluid of a animal, comprising: a harvesting device 
suitable for positioning on the surface of tissue of an animal to harvest biological fluid 
therefrom, and comprising an analyte sensor positioned to be contacted by the 
harvested biological fluid and which generates a measurement signal representative of 

15 the analyte; at least one attribute sensor to measure an attribute associated with the 
operation of the harvesting device and which generates an attribute signal 
representative of the attribute; and a processor coupled to the attribute sensor and the 
analyte sensor to receive the attribute signal and the measurement signal, wherein the 
processor adjusts for an operational parameter of the harvesting device based on 

20 attribute signal. 

In addition, the present invention is directed to a method for detecting and 
measuring an analyte in a biological fluid of a subject, comprising steps of: harvesting 
biological fluid from the surface of tissue of an animal with a harvesting device; 
contacting an analyte sensor with the biological fluid on the tissue surface; detecting an 

25 analyte in the biological fluid with the analyte sensor; sensing an attribute associated 
with the operation of the harvesting device; and adjusting an operational parameter of 
the harvesting device based on attribute. 

In addition, the present invention is directed to a device suitable for positioning 
on the surface of tissue of an animal to harvest biological fluid therefrom, and 

30 comprising: an analyte sensor positioned to be contacted by the harvested biological 
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fluid and which generates a measurement signal representative of the analyte; and at 
least one attribute sensor to measure an attribute associated with the operation of the 
harvesting device and which generates an attribute signal representative of the attribute. 
The above description is intended by way of example only and is not intended 
5 to hmit the present invention in any way except as set forth in the following claims. 
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What is claimed is: 

1. A system for detecting and measuring an analyte in a biological fluid of 
a animal, comprising: 

a harvesting device suitable for positioning on the surface of tissue of an animal 
to harvest biological fluid therefrom, and comprising an analyte sensor positioned to be 
contacted by the harvested biological fluid and v^hich generates a measurement signal 
representative of the analyte; 

at least one attribute sensor to measure an attribute associated with the operation 
of the harvesting device and which generates an attribute signal representative of the 
attribute; and 

a processor coupled to the attribute sensor and the analyte sensor to receive the 
attribute signal and the measurement signal, wherein the processor adjusts an 
operational parameter of the harvesting device based on attribute signal. 

2. The system of claim 1, wherein the attribute sensor measures an 
operational parameter of the analyte sensor, and the processor generates an output 
signal that indicates a measure of an analyte in the biological fluid, compensated for the 
attribute measured by the attribute sensor. 

3. The system of claim 2, wherein the attribute sensor comprises a 
temperature sensor coupled to the analyte sensor to measure temperature of the analyte 
sensor. 

4. The system of claim 2, wherein the attribute sensor measures the 
attribute continually. 

5. The system of claim 2, wherein processor continually reads the attribute 
signal and the measurement signal and generates the output signal on a continual basis. 

6. The system of claim 2, and further comprising a display coupled to the 
processor to display a value of the output signal generated by the processor. 

7. The system of claim 1, wherein the analyte sensor is a glucose sensor. 

8. The system of claim 1, 'wherein the attribute sensor detects a condition 
of the tissue indicative of fluid productivity, and wherein the processor generates a 
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signal to control an amount of suction applied to the harvesting device based on the 
attribute signal. 

9. A method for detecting and measuring an analyte in a biological fluid of 
a subject, comprising steps of: _ 

harvesting biological fluid from the surface of tissue of an animal with a 
harvesting device; 

contacting an analyte sensor with the biological fluid on the tissue surface; 
detecting an analyte in the biological fluid with the analyte sensor; 
sensing an attribute associated with the operation of the harvesting device; and 
adjusting an operational parameter of the harvesting device based on the 
attribute. 

10. The method of claim 9, and further comprising the step of computing a 
measurement of the analyte in the biological fluid based on a signal from the analyte 
sensor, wherein the step of adjusting comprises adjusting the computed measurement 
based on the attribute. 

1 1 . The method of claim 10, wherein the step of sensing an attribute 
comprises sensing temperature of the analyte sensor. 

12. The method of claim 9, wherein the step of sensing an attribute 
comprises sensing a condition of the issue indicative of fluid productivity, and wherein 
the step of adjusting comprises adjusting a level of suction applied to the harvesting 
device for drawing fluid from the tissue into contact with analyte sensor. 

13. The method of claim 9, wherein the step of harvesting comprises 
continually harvesting biological fluid from the surface of tissue, the step of detecting 
an analyte in a biological fluid of a subject comprises continually detecting the analyte, 
the step of sensing an attribute comprises continually sensing an attribute proximate to 
the analyte sensor; and the step of adjusting comprises continually adjusting an 
operational parameter of the harvesting device. 

14. A device suitable for positioning on the surface of tissue of an animal to 
harvest biological fluid therefrom, and comprising: 
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an analyte sensor positioned to be contacted by the harvested biological fluid 
and which generates a measurement signal representative of the analyte; and 

at least one attribute sensor to measure an attribute associated with the operation 
of the harvesting device and which generates an attribute signal representative of the 
attribute. 

15. The device of claim 14, wherein the attribute sensor measures an 
operational parameter of the analyte sensor. 

16. The device of claim 15, wherein the attribute sensor is a temperature 
sensor that is positioned on the analyte sensor to measure temperature of the analyte 
sensor. 

17. The device of claim 14, wherein the attribute sensor detects a condition 
of the tissue indicative of fluid productivity. 
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This application claims priority to U.S. Provisional Application No. 60/099,733 
filed September 10, 1998; U.S, Provisional Application No. 60/140,283 filed June 18, 
1999 and U.S. Provisional Application No. 60/140,285 filed June 18, 1999. 

10 BACKGROUND OF THE INVEOTION 

The present invention relates to a system and method for the compensation of 
assay measurements of analytes fi-om small quantities of biological fluids harvested 
fi-om tissue of a subject utilizing conditions at the harvesting and assay or measurement 
site. 

15 Current analyte assay devices suffer fcom inaccuracies resulting firom a variety 

of confounding conditions at the harvesting site. For example, blood glucose meters 
adjust an assay measurement for ambient temperature conditions associated with the 
glucose test strip when it is inserted in the meter. 

As attempts are made to reduce the volxmie of biological fluid collected or the 

20 time required for the assay, these conditions become more and more detrimental to an 
accmrate assay measurement. The conditions include, but are not limited to, humidity, 
temperature^ ambient light, pressure, etc. For example, this is particularly the case in a 
system that measures a glucose concentration fi*om blood or interstitial fluid collected 
in a harvesting device that is placed in or about the surface of a tissue. Attribute 

25 compensation is even more important in a system that monitors an analyte on a 

continuous basis fix^m a harvesting device that is kept in contact with the tissue for 
several hoxurs, days or even weeks. Through the use of appropriate sensors, these 
conditions may be monitored and compensated for in the desired assay measm'ement. 



30 



SUMMARY OF THE INVENTION 

In accordance with the present invention, at least one sensor is provided to 
measure an attribute associated with the biological fluid harvesting operation of a 
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device or the assay of the biological fluid for one or more analytes by the device. A 
variety of attributes, or conditions, at the harvesting site of the fluid or within the fluid 
handling portions within the device may affect the accuracy of the assay or other 
operational parameters of the device. The types of sensors used are based upon the 
5 conditions that are measxired. An operational parameter of the harvesting device is 
compensated for (i.e., adjusted) based on the sensed attribute. Examples of attributes 
are temperature, pH, conditions of the tissue affecting fluid productivity, etc. 

The present invention is useful in a system that performs a single (one time) 
measurement of an analyte in a biological fluid of a subject from a harvesting device 

10 placed in contact with the tissue, as well as in a system that continually monitors an 
analyte from a subject from such a harvesting device. Thus, it is contemplated that an 
analyte in a biological fluid of a subject may be repeatedly assayed at regular and 
frequent intervals by the system and method of this invention. 

The above and other objects and advantages of the present invention will 

15 become more readily apparent when reference is made to the following description, 
taken in conjunction with the accompanying drawings, 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram illustrating a system according to one embodiment of 
20 the present invention. 

FIG. 2 is a diagram of a sensor head showing the position of attribute sensors 
according to the invention. 

FIG. 3 is a diagram showing the use of a vacuum/pressure sensor according to 
the invention. 

25 FIG. 4 is a block diagram of the components of an assay meter forming part of 

the system of FIG. 1. 

FIG. 5 shows the use of compensation data in graphical form to compensate an 
assay measurement for temperature. 

FIG. 6 is a diagram delineating the steps that may be performed by a process 
30 according to the present invention. 
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FIG. 7 is a block diagram of a system according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

5 DEFINITIONS 

As used in this specification, "a" and "an" may mean one or more than one. For 
example, "an" analyte may mean one analyte or more than one analyte. 

As used herein, the term "biological membrane" means the stmcture separating 
one area of an organism from another area of the organism, such as a capillary wall, or 
10 the outer layer of an organism which separates the organism from its external 

environment, such as skin, buccal mucosa or other mucous membrane. The term 
"epithelial tissue, " when used herein is mean to mean skin, mucosa and linings of the 
body cavities of an organism. 

As used herein, the term "tissue" means an aggregate of cells of a particular 
15 kind, together with their intercellular substance, that forms a structural material. At 
least one surface of the tissue is preferably, but not necessarily, accessible to 
electromagnetic radiation so that one embodiment of the invention can be carried out. 
The preferred tissue is the skin. Other tissues suitable for use with this invention 
include mucosal tissue and soft organs. 
20 As used herein, the term "suction" or "pressure" relates to the relative pressure 

as compared to the internal pressure of the organism to which the system is interfaced. 
"Vacuum" is used synonymously with the term "suction." 

As used herein, the term '^biological fluid" means blood serum, whole blood, 
interstitial fluid, lymph fluid, spinal fluid, plasma cerebrospinal fluid, urine, prostatic 
25 fluid, bile, pancreatic secretions, or any combination of these fluids. Other fluids that 
may be harvested from the surface of various tissues include fluids selected from the 
group consisting of mucus, saUva, breast milk, tears, gastric secretions and perspiration. 
"Interstitial fluid" means the clear fluid that occupies the space between the cells in the 
body. It is also contemplated that biological fluids can be harvested from beneath the 
30 surface of tissue of other organs, particularly during operative procedures. 
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As used herein, "potation," **inicroporation," or any such similar term means the 
artificial formation of a small hole, opening or pore to a desired depth in or through a 
biological membrane, such as skin or mucous membrane, or the outer layer of an 
organism to lessen the barrier properties of this biological membrane to the passage of 

5 biological fluids, such as analytes fi-om within the biological membrane or the passage 
of permeants or drugs firom without the biological membrane into the body for selected 
purposes, or for certain medical or surgical procedures. The size of the hole or 
"micropore" so formed is approximately l-1000|am in diameter. It is to be understood 
that the term ''micropore" is used in the singular form for simplicity, but that multiple 

10 openings or pores may be formed by the integrated device according to the present 
invention. 

As used herein, "artificial opening" means any physical breach of the biological 
membrane of a suitable size for delivering or extraction fluid therethrough, including 
micropores. 

15 As used herein, the term "harvesting device" means a device suitable for being 

placed in contact with tissue for collecting a biological fluid sample firom the tissue 
(preferably through the micropores so created) and analyzing the biological fluid to 
determine a characteristic thereof. The harvesting device may be designed for one 
time, i.e., discrete use, or may be designed to be placed in contact with the tissue for 

20 longer periods of time, e.g., hours, days or weeks, for periodic, continual or continuous 
analyte monitoring. The harvesting device may optional include a porating element (as 
defined below) located thereon. 

The term "porating element" is meant to include any means of forming a 
micropore, hole or opening described above, including by thermal ablation, 

25 mechanically breaching the tissue by lancet or needle, and other known techniques. An 
example of a mechanical porating element is disclosed in published PCT application 
WO 9800193, entitled, '^Multiple Mechanical Microporation Of Skin Or Mucosa." 
Another porating technique suitable for use in connection with this system is disclosed 
in PCT Application No. PCT/US99/15967 entitled "Controlled Removal Of Biological 

30 Membrane By Pyrotechnic Charge For Transmembrane Transport," filled July 14, 1999. 
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The term "continuously" or "continually" when used in connection with a 
analyte monitoring system, means acting on an ongoing basis at a frequency or event 
rate that may vary depending on a particular application of the system. For example, 
the output of the sensor may be read on a periodic basis, such as every minute, several 

5 minutes, hour, several hours, etc. Moreover, at each reading event, the sensor output is 
optionally sampled multiple times, so as to obtain a plurality of readings relatively 
close in time, whereby an average or other adjustment of those multiple readings is 
made for determining a final reading that is displayed or logged. 

As used herein, "analyte" means any chemical or biological material or 

10 compound suitable for passage through a biological membrane by the technology 

taught in this present invention, or by technology previously known in the art, of which 
an individual might want to know the concentration or activity inside the body. 
Glucose is a specific example of an analyte because it is a sugar suitable for passage 
through the skin, and individuals, for example those having diabetes, might want to 

15 know their blood glucose levels. Other examples of analytes include, but are not 

limited to, such compounds as sodium, potassium, bilirubin, urea, ammonia, calcium, 
lead, iron, lithiimi, salicylates, and the like. 

An "attribute" is a physical condition present at the harvesting site, assay site, or 
otherwise associated with the operation of the harvesting device. An example of an 

20 attribute is temperature. Other attributes or conditions that are useful to be measured 
are humidity, ambient light, pressure, vacuimi, tissue tone, tissue thickness, tissue 
moisture content, oxygen, pH, etc. 

FIG. 1 illustrates one embodiment of a system comprising a harvesting device 
10 and an assay meter 70. The harvesting device 10 comprises collects a sample of 

25 biological fluid from tissue such as skin, which fluid is collected through an opening 20 
on the skin contact side 12. The harvesting device 10 may include incorporated thereon 
or therein tissue penetrating or porating means, such as a lancet, thermal ablation 
(optically or electrically heated) such as disclosed in U.S. Patent No. 5,885,21 1. See 
also PCT applications PCT/US99/16378, filed July 20, 1999; PCT/US99/04990, filed 

30 March 5, 1999 and PCTAJS 99/04983, filed March 5, 1999 for variation configurations 
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of a harvesting device that includes optional on-board tissue penetrating or porating 
elCTients- 

The harvested fluid is moved by vacuum applied over the opening 20 and/or by 
capillary action, for example, such that the fluid flows through, across, or on the analyte 
5 detection strip or sensor 50. The analyte sensor 50 is coupled by an optical or electrical 
link 60 to the assay meter 70. One or more sensors 40 are positioned in the harvesting 
device 10 to measure conditions at the harvesting site at the time the biological fluid is 
harvested. The sensors 40 are coupled by electrical or optical links 30 to the assay 
meter VO- 
ID The type of sensor depends on the type of attribute or condition(s) measured. 
As explained above, the attribute may be temperature, himiidity, ambient light, 
pressure, vacuxmi, tissue conditions indicative of fluid productivity (tissue tone, tissue 
thickness, and/or tissue moisture content) etc., or any combination thereof. The point 
of measurement also depends on the type of attribute or condition(s) measured. 
1 5 Proximity to the assay is important for measuring all environmental dependencies of 
the assay except for those, which are common to the measurement environment such as 
himiidity, pressure or yacuiun. For example, in one embodiment, a hose is provided to 
supply suction or vacuum to the harvesting device to suck fluid from the tissue into the 
harvesting device and onto the analyte sensor. This hose provides a mechanism to 
20 measure environmental parameters along the hose that would be consistent with the 
environment at the assay such as humidity, pressure and vacuimi level. Those 
environmental dependencies which should be measured near the assay include ambient 
hght, pH and temperature. To correct for assay temperature dependence the 
temperature measurement point should be as close to the assay as possible within the 
25 same housing material but usually not in contact with the sample. The pH of the fluid 
being measured can be used to compensate for pH effects on the assay and may be 
changed by the assay process, therefore pH should be measured in the sample just 
before the assay in the flow channel. 

Tissue characteristics such as tone, thickness and moisture content should be 
30 measxired close to the sample site on similar tissue. For example, if the sample site is 
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on the mid- volar foreann tissue characteristics should be measured on the mid- volar 
forearm close to the site. Variations in characteristics have been measured between 
lower mid, and upper volar forearm sites. 

Temperature is particularly important when the harvesting device 1 0 is part of a 

5 discrete or continual glucose monitoring system. For example, an attribute sensor 40 
that is responsive to temperature is preferably placed as close as possible to the analyte 
sensor 50 (if not on it) so that the effects of temperature variation on the analyte sensor 
can be minimized. Many types of temperature sensors are known in the art that are 
suitable for use in connection with the present invention. Commonly used sensors 

0 include forward biased semiconductor diodes, themiistors, thermocouples, Resistance 
Temperature Detectors (RTDs), radiation thermometers, fiber optic sensors, bead 
thermocouples and solid state sensors. For this example, a thermistor is used because 
of its known temperature characteristics, availability and low cost. Preferably, the 
response time for the temperature sensor is less than 10 seconds per degree Celsius to 

5 minimize noise and allow the temperature measured to track the changes at the assay. 

Turning to FIGs. 2 and 3, an embodiment of sensor head 500 of a harvesting 
device 10 is shown, wherein the sensor head 500 has one or more attribute sensors 
positioned thereon. The analyte sensor 50 is, for example, a "primary" sensor for 
glucose in this application, and can also measure pH or oxygen content in this 

0 configuration through working, reference, etc., electrodes 51. Attribute sensor 40(1) is a 
thermistor placed close to the analyte sensor 50 to measure temperature. Attribute 
sensor 40(2) is an optical sensor-source pair to profile boundaries in the tissue to which 
the device 10 is attached, such as skin. Attribute sensor 40(3) measures ambient light, 
primarily in the ultraviolet (UV) range, where damage to the assay sensor 50 is more 

5 common. Attribute sensor 40(4) is a micro-durometer to measure skin conditions or 
properties, including tone/hardness, which is related to tissue moisture content 

Conditions of the tissue, such as skin, are useful because they indicate the 
degree of fluid productivity of the tissue. Dry and hard skin produces less fluid than 
softer skin. If the output of the micro-durometer indicates that the thickness, hardness 

iO and/or dryness of the tissue is more than normal, then the amount of suction applied to 
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the harvesting device 10 is increased to ensure sufficient amoxmts of fluid is extracted. 
Conversely, if the output of the micro-durometer indicates that the skin is relatively 
soft, then the vacuum level may be maintained or decreased. This is particularly useful 
in a continuous monitoring system in which fluid is harvested on a continual basis from 
5 a harvesting device located on or about the same harvesting site on the tissue. 

As shovra in FIG. 3, the sensor head 500 attaches to an assay meter 70 (FIG. 1) 
by an xmibilical cord 510 which carries vacuum and electrical signals. An attribute 
sensor 40(5) is provided at the meter body which measures pressure and/or vacuum and 
humidity in the hose inside the mnbilical cord 510 that carries vacuum to the sensor 
10 head 500. 

Referring to FIG. 4, within the assay meter 70 or as a separate component, the 
attribute signal(s) of the attribute sensor(s) 40 is/are connected to a compensation 
element 110 which determines the appropriate compensation based upon the attribute 
signal(s) from the attribute sensor(s) 40. The compensation element 110 generates an 

15 appropriate compensation that is output to a processor 80 such as a microprocessor or 
other computing element. The analyte sensor 50 generates a measurement signal based 
on the type of analyte being measured. The measurement signal is connected to an 
assay element 90 within the assay meter 70. The assay element 90 performs a 
traditional assay of the analyte, generates a signal corresponding to this value and 

20 outputs this signal to the processor 80. The processor 80 generates a corrected assay 
value based upon the compensation signal from the compensation element 110 and the 
assay signal from the assay element 90 and outputs a signal corresponding to this value 
to an output means 100 such as a display, a monitoring device or a signal processing 
device. 

25 The type of compensation to the measurement made by the assay element 90 

depends on the conditions sensed at the harvesting site. The compensation applied may 
be linear or non-Unear with respect to the confounding conditions, or utilize a neural 
network or frizzy logic. Altematively, correction may be implemented using a lookup 
table or an equation-based algorithm. For example, pH effects the efficiency of a 

30 glucose oxidase based assay sensor for glucose measurement. If the pH varies, a 
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correction from a lookup table is applied to the assay result to compensate for the 
variation. Humidity measurements are used in discrete sampling interval systems 
where the sample is assayed and then is disposed of by the system prior to the next 
sample being collected. Humidity measurements are also useful in this case to 
5 determine if the sample is being collected and himddity differentials are used to 
quantify change in concentration of the analyte being measured. Humidity 
measurements are also useful to quantify transepidermal water loss (TEWL). 
Temperature effects on the efficiency of glucose oxidase based assay are measured and 
used to generate a lookup table or formula to compensate the assay results for 

10 temperature variation. As described above, tissue tone and thickness measurements are 
useful to estimate the vacuum levels required to maintain sufficient sample flow for 
proper assay fimction. As tissue at the site becomes hydrated it will thicken and soften 
requiring less vacuum for equivalent sample flux. 

As an example, FIG. 5 illustrates graphical diagrams that represent the 

15 measurement compensation process using temperature measured from a thermistor to 
compensate a glucose measurement. The upper graph in FIG. 5 shows the conversion 
from the output of temperature sensor to a temperature value. The lower graph in FIG. 
5 shows the compensation factor for a given temperature value derived from the data in 
the upper graph of FIG. 5, The compensation factor is applied (added or subtracted) to 

20 the glucose measurement to improve the accuracy of the glucose measurement. In 
actual irriplementation, the conversion process may be implemented in a variety of 
ways, including a stored lookup table of data representing the graphs shown in FIG. 5. 
It should be understood that each attribute may involve a compensation process that is 
similar to that represented by the diagrams of FIG. 5, but with different data. Similarly 

25 a multi-dimensioned lookup table may be used to efficiently map the outputs of 
multiple attribute sensors into a single assay compensation factor. 

FIG. 6 shows steps in a process according to the present invention. The first 
step 200 involves the harvesting of biological fluid for the assay. Step 240 requires the 
acquisition of condition measurements (i.e., the attributes) relevant to the assay such as 

30 temperature, humidity, etc. This step may occur before, during or after step 200. Step 
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280 detennines the assay compensation value from the measured conditions. Step 220 
involves the perfomiance of a traditional assay of analyte concentration from the fluid 
collected in step 200. Step 260 involves the calculation of a corrected assay value by 
modifying the assay value determined in step 220 with a compensation or adjustment 

5 factor determined in step 280. Finally, step 300 outputs the corrected assay measure for 
subsequent usage such as by a display or processing device. 

A particular example of the process of FIG. 6 involves the assay of glucose. 
Blood or interstitial fluid is harvested through microporation of the harvesting site in 
step 200. In step 240, the temperature of the anal>te sensor 50 is measured. Step 220 

10 assays the harvested interstitial fluid for glucose levels using traditional assay 

techniques. A compensation factor for the assay based upon the attribute, such as 
temperature, is made in step 280. The compensated assay value is calculated from the 
traditional assay measure from step 220 and the compensation measure from step 260. 
The compensated glucose concentration value is output in step 300. 

15 In a continuous analyte monitoring system, such as that disclosed in PCT 

application No. PCTAJS99/16378 filed July 20, 1999, it is also desirable to compensate 
for fluctuations in attributes at the harvesting site, in the harvesting device or the 
analyte sensor, in particular. The process shown in FIG. 6 is repeated on a continual 
basis. For example, an attribute may be measured continuously, and at each assay or 

20 measurement event from the analyte sensor, the attribute signal from the one or more 
attribute sensors are used to compensate the measurement signal obtained from the 
analyte sensor. 

Turning to FIG. 7, another embodiment of the present invention is shown. In 
this embodiment, a processor 400 performs all of the calculations necessary for 

25 deriving a value from the analyte sensor 50, compensated for one or more attributes 
from one or more attribute sensors 40. For example, the processor 400 is a 
microprocessor or other programmable processing device that executes an assay 
program 410 to derive an assay value, compensated for the one or more attributes 
through the use of a compensation program or data 420. The processor 400 reads a 

30 measurement signal from the analyte sensor 50 and one or more attribute signals from 
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the attribute sensors 40, executes the assay program 410 together with the 
compensation program 420 to obtain a measurement value. The compensation program 
420 may be a mathematical algorithm or one or more lookup tables (for each attribute) 
as described above in conjxmction with FIG. 5. This may occur on a discrete or 
5 continual basis, depending on the type of environment the system is used. The value 
generated by the processor 400 may be coupled to a display 430. User interaction with 
the processor may occur through a keypad 440. The system shown in FIG. 7 may 
further include memory to store values of attribute signals, particularly in a continual 
monitoring system, where it is desirable to retain an archive of information. 

10 In summary, the present invention is directed to a system for detecting and 

measuring an analyte in a biological fluid of a animal, comprising: a harvesting device 
suitable for positioning on the surface of tissue of an animal to harvest biological fluid 
therefirom, and comprising an analyte sensor positioned to be contacted by the 
harvested biological fluid and which generates a measurement signal representative of 

15 the analyte; at least one attribute sensor to measure an attribute associated with the 
operation of the harvesting device and which generates an attribute signal 
representative of the attribute; and a processor coupled to the attribute sensor and the 
analyte sensor to receive the attribute signal and the measurement signal, wherein the 
processor adjusts for an operational parameter of the harvesting device based on 

20 attribute signal. 

Iri addition, the present invention is directed to a method for detecting and 
measming an analyte in a biological fluid of a subject, comprising steps of: harvesting 
biological fluid firom the surface of tissue of an animal with a harvesting device; 
contacting an analyte sensor with the biological fluid on the tissue surface; detecting an 

25 analyte in the biological fluid with the analyte sensor; sensing an attribute associated 
with the operation of the harvesting device; and adjusting an operational parameter of 
the harvesting device based on attribute. 

In addition, the present invention is directed to a device suitable for positioning 
on the surface of tissue of an animal to harvest biological fluid therefrom, and 

30 comprising: an analyte sensor positioned to be contacted by the harvested biological 
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fluid and which generates a measurement signal representative of the analyte; and at 
least one attribute sensor to measure an attribute associated with the operation of the 
harvesting device and which generates an attribute signal representative of the attribute. 
The above description is intended by way of example only and is not intended 
5 to hmit the present invention in any way except as set forth in the following claims. 



wo 00/15102 



PCT/US99/20796 



13 

What is claimed is: 

1 . A system for detecting and measuring an analyte in a biological fluid of 
a animal, comprising: 

a harvesting device suitable for positioning on the surface of tissue of an animal 
to harvest biological fluid therefrom, and comprising an analyte sensor positioned to be 
contacted by the harvested biological fluid and which generates a measurement signal 
representative of the analyte; 

at least one attribute sensor to measure an attribute associated with the operation 
of the harvesting device and which generates an attribute signal representative of the 
attribute; and 

a processor coupled to the attribute sensor and the analyte sensor to receive the 
attribute signal and the measurement signal, wherein the processor adjusts an 
operational parameter of the harvesting device based on attribute signal. 

2. The system of claim 1 , wherein the attribute sensor measures an 
operational parameter of the analyte sensor, and the processor generates an output 
signal that indicates a measure of an analyte in the biological fluid, compensated for the 
attribute measured by the attribute sensor, 

3. The system of claim 2, wherein the attribute sensor comprises a 
temperature sensor coupled to the analyte sensor to measure temperature of the analyte 
sensor. 

4. The system of claim 2, wherein the attribute sensor measures the 
attribute continually. 

5. The system of claim 2, wherein processor continually reads the attribute 
signal and the measurement signal and generates the ou^ut signal on a continual basis. 

6. The system of claim 2, and further comprising a display coupled to the 
processor to display a value of the output signal generated by the processor. 

7. The system of claim 1, wherein the anal>1;e sensor is a glucose sensor, 

8. The system of claim 1, wherein the attribute sensor detects a condition 
of the tissue indicative of fluid productivity, and wherein the processor generates a 
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signal to control an amount of suction applied to the harvesting device based on the 
attribute signal. 

9. A method for detecting and measuring an analyte in a biological fluid of 
a subject, comprising steps of: 

harvesting biological fluid from the surface of tissue of an animal with a 
harvesting device; 

contacting an analyte sensor with the biological fluid on the tissue surface; 
detecting an analyte in the biological fluid with the analyte sensor, 
sensing an attribute associated with the operation of the harvesting device; and 
adjusting an operational parameter of the harvesting device based on the 
attribute. 

10. The method of claim 9, and fiirther comprising the step of computing a 
measurement of the analyte in the biological fluid based on a signal fix>m the analyte 
sensor, wherein the step of adjusting comprises adjusting the computed measurement 
based on the attribute. 

1 1 . The method of claim 1 0, wherein the step of sensing an attribute 
comprises sensing temperature of the analyte sensor. 

12. The method of claim 9, wherein the step of sensing an attribute 
comprises sensing a condition of the issue indicative of fluid productivity, and wherein 
the step of adjusting comprises adjusting a level of suction applied to the harvestiag 
device for drawing fluid from the tissue into contact with analyte sensor. 

13. The method of claim 9, wherein the step of harvesting comprises 
continually harvesting biological fluid from the surface of tissue, the step of detecting 
an analyte in a biological flmd of a subject comprises continually detecting the analj^e, 
the step of sensing an attribute comprises continually sensing an attribute proximate to 
the analyte sensor, and the step of adjusting comprises continually adjusting an 
operational parameter of the harvesting device. 

14. A device suitable for positioning on the surface of tissue of an animal to 
harvest biological fluid therefrom, and comprising: 
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an analyte sensor positioned to be contacted by the harvested biological fluid 
and which generates a measurement signal representative of the analyte; and 

at least one attribute sensor to measure an attribute associated with the operation 
of the harvesting device and which generates an attribute signal representative of the 
attribute. 

15. The device of claim 14, wherein the attribute sensor measures an 
operational parameter of the analyte sensor. 

16. The device of claim 15, wherein the attribute sensor is a temperature 
sensor that is positioned on the analyte sensor to measure temperature of the analyte 
sensor. 

17. The device of claim 14, wherein the attribute sensor detects a condition 
of the tissue indicative of fluid productivity. 
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